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ＨｕｍａｎＣＹＰ１Ｂ１ｉｓｏｎｅｏｆｔｌｌｅｍｅｍｂｅｒｓｏftllecytdejhrolneP450isofonns,andplaysa
rolemthemetabolicactivationofchelnicallydiversePfidcarcmogensandhydroxylationof
l7P-estradiol(E2)Inthissmdy,thcmcchanismsrcguliitingtllehumanCYPIBIgenewere
investigatedFirst,itwasfoundthatthemumalinteractitjnoftwoXREs(-853and-834)to
whichAhR/ARNTheterodmerbindsisimporta､tfortfanscriptionalregulation,andtllattlle
SplbindingtotlleSpl-1ikemotif(-824)enllancesbotlilheconstimtiveandmducible
transcriptionalactivitiesofthehumanCYPIBIgeneSe6ond,itwasdemonstratedthatthe
humanCYP1B1isinducedbyE2viatllebindingofestfbgenreceptortotlleCYPIBI
promoterregion(-63to-49).Third,tlleinvolvementdfSF-1,CREB,andPKAmth6
transcriptionofhumanCYPIBJgenewasdemonstratedForth,itwasclarifiedthatthehuInan
CYP1B1isposttranscliptionallyregulatedbymicroRNAL,nR-27b,attlle3，‐untranslated
Iegion(+4358to+4381).TheunusualexpressionofCYP1B1mghtaffecttlledevelopment
ofcanceraswellasestrogenhomeostasisand/Orestro=eii-dependentcancersThus,the
findingsintllistllesisaleusefUltoconsidertlleclinicalISignificanceofCYP1B1fbrtlle
morigcnesis,estrogenhomeostasiMndpotcntialtar=etofanticancerdrugs．
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HulnanCYP1B1isoneoftllemembersoftllecyttiIdhromeP450isofmnsltplaysalole
intllemetabolicactivationofchemicallydiverseprocarcmogensincludingpolycyclic0....9
aromatichydrocarbons(PAHs),andCatalyzestllehydrO差ylationofl7P-estradiol(E2)．
CYP1B1ismainlyexpressedinextrahepatictissues,sUbllasovary,uterus,breast,testis，
prostate,andadrenalglandTheexpressionlevelishigiiinmmortissues,Theunusual
exprCssionofCYP1B1mightaffecttlledeveloplnentofeanceraswellasestrogen
homeostasisand/Orestrogen-dependentcancers・Therefitjre,itisilnportanttoclarifythe
mechanismsofCYP1B1reglllationThepurposeoftlliSthesisistoinvestigatetlle
mechanismsregulatingtheｌｍｍａｎＣＹＰＩＢＩｇｅｎｅ．
1.MutualROleofAhR/ARNTandSplonConstituti▽e宮am1TCDD-inducible
ExpressionofCYP1B1
CYP1B1ismducedbyPAHsaswellasZ,3,7,8-tetrachlorodibenzop-dioxm(TCDD).It
iswell-knowntllattheinductionofdmgmetabolizingeiiZymesbyTCDDismediateClbyaryl
hydrocarbonreceptor(AhR)ﾉAllRnucleartrmslocator(ARNT)heterodimerinteractedwilh
xenobioticresponsiveelement(XRE).nlereareeightXIREcoresequencesontlle5,-flanking
regionoftllehumanCYPIBＩｇｅｎｅｕｐｔｏ－２２９９ｂｐＨｏＷｅｖｅｒ,thebindingoftlleAhR/ARNT
totheXREsinthehumanCYPIBIgenehasneverbeeMirectlyprovenInordertoidentifj/
tllecjs-element(s)involvedintlleconstimtiveandTCD]D-inducibletranscliptionofCYPIBI，
luciferasereporterplasmdscontainmgaseriesofdeletildnsoftheXREcoresequencemthe
５，－flankingregionofthehumanCYPIBIgenewerecOiiStructedLuciferasereporterassays
showedthepotentialenhancerelementsforTCDD-indUCtionwerelocatedfrom-10z2tｏ
－８５２ｏｆｈｕｍａｎＣＹＰＩＢＩｇｅｎｅｉｎｈｕｍａｎｈepatoblastomaHCpG2cells､Gelshiftanalyses
levealedtllebindingoftheAhR/ARNTheterodimertoxRE2at-834andXRE3at-8531n
addition,tllebindingofanucleartranscliptionalfactorぅSpl,nearXRE2andXRE3was
observedltwasfbundthatmumalinteractionofXREZandXRE3isilnportmtfor
transcriptionalregulation,andtllattlleSplbmdingtotlleSpl-1ikemotif(-824)enhancesbotll
theconstimtiveandinducibletranscriptionalactivitieslEjftllehumanCYPIBIgenen)．
2.ImIuctionofCYP1B11DyEstra⑪olviaEstrogen恥Ceptor
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CYP1B1isakeyenzymemthemetabolismofEZThellighexpressionlevelof
CYP1B1mestrogen-relatedtissuessuggeststllatCYP1kllisimportantintllelocalized
metaboliccontrolofestrogenhomeostasis､ManyCYPenzymesarelikelytobeinducedby
thesubstratesthemselves､Inaddition,computer‐assistedholnologysearchidentifieda
potentialestrogenreceptor(ER)-bindingsiteontlleCYilbiIBIpromoter・nlesebackgrounds
promptedmetomvestigatewhetllertllehumanCHDIBjgeneisatargetofE2Real-time
RT-PCRanalysisrevealedtllatE2treatmentinducedCYP1B1mRNAexpressionin
ER-positiveMCF-7cells・LuciferasereporterassaysusitigMCF-7cellsshowedasignificant
transactivationbyE2witllareporterplasmidcontainin塗aregionfrom-152to+Z5oftlle
humanCYPIBIgeneSpecificbindingofERoctotheljtItativeestrogenresponsiveelement
(ERE),whichisbetween-63and-49intheCYPIBIprldmoterregion,wasdemonstratedby
chromatinimnunoprecipitationassaysandgelshiftanalj'SCS・Witllrcporterplasmids
containingthewildormutatedputativeEREontlleC〃IBIgeneandtllewildormutated
ERqexpressionvectors,luciferaseassaysusingtllehuiiianendometrialadenocarcinoma
IshikawacellsdemonstratedthattheputativeEREand垣Rqareessentialfbrthe
transactivationbyE2・Smceendometrialtissueishig町regulatedbyestrogens,the
eXpressionpatternofCYP1B1proteininhulnanendometrialspecnnenswasexannedby
inⅡnunohistochemistry・ThestainingofCYP1B1wasstrongeringlandularepithelialcells
dUringaproliferativephasethanthoseduringasecretojfyphase,consistentwitllthepatternof
estrogensecretionThesefindingsclearlyindicatedtllatihehumanCYP1B1isregulatedby
estrogenviaERo（２）.Since4-hydroxylestradiolproducedbyCYP1B1isestrogemcallyinactive
buttoxicologicallyactive,theestrogen-regulatedCYPlLI1expressionindicatesaclinical
significancefbrtllehomeostasisofestrogensaswellaSeStrogen-dependentca1℃inogenesis・
ShvolvementofSteroidogenicFactor-1amlProteiliKinaseAinCYP1B1Re=nlation
CYP1B1iseXpressedinsteroid-relatedtissuesinC1Udingovary,testis,andadrenalgland
Intllesetissues,tllesteroidogenicCYPssuchasCYP１１andCYP17aregenerallyexpressed，
wllichareknowntobetranscriptionallylegUlatedbysterOidogemcfactor-1(SF-1)andcAMP
responseelement(CRE)bindingprotein(CREB)Inaddition,thetranscriptionalregulationof
ratCIWBIgenehasbeenreportedtoberegulatedby雛－１andCREBIntllissmdy,tlle
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possibilitytllattllehulnanCYPIBIgenemightberegulatedbySF-1andCREBwas
exanmed・GelslliftanalysesrevealedtllatｍＷｒｌ･otfanSldtedSF-1canbindtotlleputative
SF-lbindingsites,SF-1a(at-1722)andSF-1b(at-2474),｡､thehumanCYPIBIgenM2
WrmtranslatedCREBbarelyboundtotheputativeSF-1bindingsiteslnordertoinvestigate
tlleinvolvementofSF-1intlletranscriptionalregulatidiiｩluciferaseleporterassayswelc
pelfOnnedwitllvariousreporterplasndscontainingtlie5,-flankingregionofCI/ＰIBIgene
inhumanovanangranulose-1ikemmorKGNcells・AreljorterplasmidpGL3(-2623/+25）
containmgtl1eSF-1aandSF-1belelnentswastransactiVEltedbytlleconconntant
co-expressionofSF-1andprDteinkinaseA(PKA).Altjli()ughthetranscriptionalactivitywas
inducedbyPKAalone,itwasnotaffectedbytheco-eXtjressionofSF-1Themutationinthe
SF-1aandSF-1belementsdidnotaffecttlleluciferaseaCtivityThus,tllebindingofSF-1to
theputativeSF-1bindmgsitcsofthehumanCYPIBI=encmightnotbcesscntialforthc
transcriptionalregulationInterestingly,deletionanalyseSnevealedthattllePKA-dependent
transactivationocculredintheregion-910to-732intlie5'‐flankingregiOn,wmchincludes
XRE2andXRE3・MutationsintwofilnctionalXREslc)eatedat-853and-834abolishedthe
PKA-dependenttransactivationTheseresultsindicateUliatthePKAsignalingpathwaywould
beinvolvedintheXRE-mediatedtransactivationoftheliumanCIPIBIgene3)．
4.PosttranscriptionalRegulationoｆＣＹＰ１Ｂ１ｂｙＭｉもfoRNA
MicroRNAs(ｍｉＲＮＡｓ)arewidespreadsmallnon-CbdingRNAsandregulatetllegene
explcssions,Iesultinginthealterationsofvariousbiold曇icalfimctionsanddevelopmentof
cancers,MiRNAsincorporatedintotlleRNA-inducedSilencingcomplex(RISC)Iecognlze
tlle3，-UTRofthetargetmRNAandcausethetranslati⑥iialrCplessionormRNAcleavage・
Recently,anumberofsmdieshavereportedthattheexjjfessionprofilesofnnRNAswere
associatedwithvalioushulnanmmorsdevelopment・O1iiheotllerhand,thecausalfactorfor
tllelligherexpressionofCYP1B1proteinintumortllaliiilnonnaltissueshasbeenuncleared
Incontrasttotlleproteinlevels,noapparentdifferenceiilCYP1B1mRNAlevelwas
obselvedbetweentlletumorandnorlnaltissues・htereStingly,anear-perfectmatching
sequencewithmicroRNA-27b(nR-27b)wasidentifiedlintlle3，‐untranslatedregionof
humanCYP1B1TheseevidencesmademeenvisagetliepossibilitytllattllehuｍａｎＣＹＰ１Ｂ１
－３４３－
〈
nghtberegulatedbymiRNA・IIlthisstUdy,itwasinveStigatedwhethermiRNAmightbe
mvolvedintlleregulationofhumanCYP1B1ornotRNaseprotectionassaysindicated
miR-27bwasexpressedinMCF-7cells,butnotinhumiiiilT-cellleukemaJurkatcells・
LuciferaseassaysrevealedtllatthereporteractivitywaSdecreasedwitllthemiR-27b
recognitionelementinhumanCYP1B1(1B1MRE27b)(+4358to＋4381)inMCF-7cems,but
notinJmkatcens・TheexogenouslyeXpressednR-27binJurkatcellscoulddecreasethe
luciferaseactivityofreporterplasmidcontaininglB1M舵Z7b､hMCF-7cells,antisense
oligolibonucleotide(ASO)fbrmiR-27brecoveredtheltiCiferaseactivityofreporterplasmid
containingtllelB1MRE27b・Furtllerlnore,tlleAsOcollldincreasetlleproteinleveland
enzymaticactivilyofCＹＰ１Ｂ１ｉｎＭＣＦ－７ｃｅｎｓ・ThesereSultssuggestedthattllehuman
CYP1B1wouldbereglllatedbymiR-27bthrouglltlleljﾖllMRE27bT11eeXpressionlevelof
miR-27bisconceivablydecleasedintumortissueslikeOtllerreportedｍｉＲＮＡ・ｎｍｓ,the
PosttranscriptionalregulationbythenR-27bmightbetirleofcausesofthehighexp肥SSion
ofCYP1B1proteminmmortiSsues,ThisisafirstsmdytodeInonstratethatmiRNAswould
regUlatenotonlytheessentialgenesfOrthephysiologiCimeventbutalsodrugmetabolism
enZymeS4)．
Conclusion
lntllisthesis,thetranscriptionalregUlationbyAhjliLぅSpl,ＥＲ,andSF-1and
posttranscriptionallegulationsbyandmiRNAoftllehtiiilanCYP1B1wereclarifiedCYP1B1
playsaroleinmetabolicactivationofvalietyofprocarCinogensandmetabolismofestrogens・
FUrthennore,伽Ｗ〃s、diesrevealedthatCYP1B1coUldinactivatesomeanticanceragents
suchasdocetaxelandtamoxifenTherefOre,highexpreSISionofCYP1B1inmmorsmghtbe
oneofcausesoflesistancetoanticancerdrugincancerbellsltisimportanttounderstandtlle
mechanismsregulatingtlleCYP1B1expressionlcoulMlrownewinsightsintothe
molecularmechanismregulatinghumanCYP1B1expreSSionfromvariousviewpoints・This
infCnnationisusefilltoconsidertlleclinicalsignifican6eofCYP1B1fOrtllemmorigenesis，
estrogenhomeostasis,andpotentialtargetofanticancefdrugs．
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学位論文審査結果の要旨
ヒトチトクロムＰ４５０の一分子種であるCYP1B1は主にステロイドホルモン関連臓器に高く発現し
ており、環境中の化学発癌物質の代謝的活性化やエストロゲンの代謝を担っている。本論文ではヒト
CYP1B1遺伝子の発現調節機構について多方面より検討している。第一に、ヒトＣＹＰ１Ｂ１遺伝子5,-上流
にalylhydrocarbonreceptor（AhR）／AhRnucleartranslocator（ARNT）のへテロダイマーが結合する２
つのxenobioticresponsiveelement（XＲＥ；－８５３と－８３４）が存在し、相互に作用することでＣＹＰ１Ｂ１
の転写に重要な役割を果たしていること、また上流－８２４に存在するＳｐｌ様配列へのSplの結合を見出
し、常在的および誘導的な転写活性化を促進することを明らかにした。第二に、ＣＹＰ１Ｂ１はエストロゲン
により誘導され、上流－４９に存在するestrogenresponseelement（ERE）にestrogenreceptorが結合す
ることでCZpzBI遺伝子の転写が促進されることを明らかにした。また、ヒト子宮内膜におけるＣＹＰ１Ｂ１
の発現量が月経周期に依存して変動することを示した。第三に、steroidogenicfactor‐１（SF-1）cAMP
responseelementbindingprote、（CREB）およびproteinkinaseA（PKA）の影響について検討し、ＳＦ－１お
よびＣＲＥＢは転写活性に寄与しなかったが、ＰＫＡにより－８５３と－８３４のＸＲＥを介して活性化されるこ
とが示された。第四に、ヒトＣＹＰ１Ｂ１ｍＲＮＡの３，－非翻訳領域の+4358/+4381にmicroRNA（miR-27b）
の認識配列を見出し､ＣＹＰ１Ｂ１のタンパク発現および酵素活性がｍｉＲ２７ｂにより転写後調節されているこ
とを明らかにした。CYP1B1の発現量の変動は癌の発生やエストロゲン代謝能に影響を及ぼすことが示唆さ
れる。従って、本研究成果は発癌作用およびエストロゲンのホメオスタシスの臨床的な重要性を考慮するう
えで有益な情報を提供するものと考えられる。以上より博士（薬学）として評価できるものと判定した。
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